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Sir: 

Prior to examination on the merits, please amend this application as follows: 
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In the Title : 

Please replace the existing title with the following new title: 
LOCATING A FAULTY ROUTE SECTION IN AN ACTIVE NAILED-UP 
CONNECTION 
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In the Specification: 

Please replace the original specification with the enclosed substitute 
specification. A mark-up copy of the original specification showing changes is also 
enclosed. 
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In the Claims: 

Please amend the claims as follows: 

1 . A method for locating a faulty route section in a nailed-up connection 
having a number of route sections connected to one another by a number of 
exchanges, comprising : 

activating or looping in a test device at a splitting point which is formed 
by opening the nailed-up connection with a coupling switch inside one of the 
exchanges; and 

remotely controlling progressive activation of mirror devices from a 
point of the nailed-up connection remote from the splitting point in the direction of the 
splitting point until the faulty route section of the nailed-up connection has been 
found, the test device sending a test signal to the mirror device activated and 
evaluating the mirrored signal for faults, the mirror device sending back incoming 
signals. 

2. The method as claimed in claim 1, wherein the mirror devices are 
activated in switching networks between two route sections. 

3. The method as claimed in claim 1, wherein the test device has two user 
channels. 

4. The method as claimed in claim 1 , wherein the test device sends out a 
predetermined test bit pattern. 

5. A system for locating a faulty route section in a nailed-up connection 
having a number of route sections connected to one another by a number of 
exchanges, comprising: 

a test device which is activated or looped in at a splitting point and is 
formed by opening the nailed-up connection with a coupling switch inside one of the 
exchanges; and 

4 Serial No. 10/070,460 

Docket No. 449122025300 
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a network controller remotely control activation of mirror devices which 
send back incoming signals a from a point of the nailed-up connection remote from the 
splitting point in the direction of the test device until the faulty route section of the 
nailed-up connection has been found, the test device sending a test signal to the mirror 
device activated and evaluating the mirrored signal for faults. 

6. The system as claimed in claim 5, wherein the mirror devices is 
activated in switching networks between two route sections. 

7. The system as claimed in claim 5, wherein the test device has two user 
channels. 

8. The system as claimed in claim 5. wherein the exchanges allocated to 
the respective route sections have a remote terminal for activating/deactivating the 
mirror devices of the route sections. 

Add the following new claims: 

9. The method as claimed in claim 2, wherein the test device has two user 
channels. 

10. The system as claimed in claim 6, wherein the test device has two user 
channels. 
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In the Abstract: 

Replace the abstract with the attached substitute abstract. 
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REMARKS 



The above amendments to the specification, claims and abstract have been made to 
place the application in proper U.S. format and to conform with proper grammatical and 
idiomatic English. None of the amendments herein are made for reasons related to 
patentability. No new matter has been added. 

Attached hereto is a marked-up version of the changes made to the specification and 
claims by the current amendment. The attached page is captioned " Version with markings 
to show changes made ". 

In the event that the transmittal letter is separated from this document and the Patent 
Office determines that an extension and/or other relief is required, Applicant petitions for any 
required relief including extensions of time and authorizes the Commissioner to charge the 
cost of such petitions and/or other fees due in connection with the filing of this document to 
Deposit Account No. 03-1952 referencing 449122025300 . 

Dated: July 8, 2002 Respectfully submitted, 




Morrison & FoersterLLP 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 
Telephone: (202) 887-6924 
Facsimile: (202) 263-8396 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the Claims: 

The claims have been amended as follows: 

1 . A method for locating a faulty route section in a nailed-up connection 
which is set up with having a number of route sections (2, 3, 4 ), which are connected 
to one another by a number of exchanges, exhibiting th e following st e ps comprising : 

a) 

activating or looping in a test device (§) at a splitting point (6) which is 
formed by opening the nailed-up connection with the aid of a coupling switch inside 
one of the exchanges^; and 
b) 

remotely controll e d controlling progressive activation of mirror devices 
(17), which send back incoming signals unchanged, step - by -step from a point of the 
nailed-up connection remote from the splitting point (6) in the direction of the 
splitting point (6) until the faulty route section (2, 3, 4 ) of the nailed-up connection 
has been found, the test device (5) sending a test signal to the mirror device fiT) 
activated in each ca se and evaluating the mirrored signal for its freedom from faults- 
faults, the mirror device sending back incoming signals. 

2. The method as claimed in claim 1 , characterized in that wherein the 
mirror devices (4-7) are in e ach c as e activated in switching networks between two 
route sections (2, 3, 4 ) . 

3. The method as claimed in one of claims 1 or 2, charact e rized in that 
claim 1 , wherein the test device (5) has two user channels. 

4. The method as claimed in one of the prec e ding claims, characteriz e d in 
that claim 1 , wherein the test device (5) sends out a predetermined test bit pattern. 
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5. A system for locating a faulty route section in a nailed-up connection 
which is s e t up with having a number of route sections (2, 3, 4 ), which are connected 
to one another by a number of exchanges, e xhibiting: comprising: 

a) 

a test device (5) which is activated or looped in at a splitting point (6) 
which can bo and is formed by opening the nailed-up connection with th e aid of a 
coupling switch inside one of the exchanges^; and 

b) 

a network controller (1) for th e remotely controll e d control activation of 
mirror devices(f^7)7-which send back incoming signals, unchang e d, st e p by st e p from a 
point of the nailed-up connection remote from the splitting point (6) in the direction of 
the test device (S) until the faulty route section (2, 3, 4 ) of the nailed-up connection 
has been found, the test device (§) sending a test signal to the mirror device activated 
in e ach cas e and evaluating the mirrored signal for its fr ee dom from faults. 

6. The system as claimed in claim 5, characteriz e d in that wherein the 
mirror devices (17) can b e is activated in e ach case in switching networks between 
two route sections. 

7. The system as claimed in on e of claims claim 5 er-6, charact e riz e d in 
that wherein the test device has two user channels. 

8. The system as claimed in on e of th e pr e c e ding claims, charact e riz e d in 
that claim 5, wherein the exchanges allocated to the respective route sections (2, 3, 4 ) 
in e ach cas e have a remote terminal for activating/deactivating the mirror devices ft7) 
of the route sections (2, 3, 4 ) . 
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LOCATING A FAULTY ROUTE SECTION IN AN ACTIVE NAILED-UP 
CONNECTION 

ABSTRACT 

To locate a faulty route section of an active nailed-up 
connection, the nailed-up connection is opened and a 
test device is activated, or looped in the case of an 
external test device, at the splitting point. Mirror 
devices, which send back incoming signals unchanged, 
are progressively activated step by step from a point 
of the nailed-up connection remote from the splitting 
point in the direction of the splitting point until the 
faulty route section of the nailed-up connection has 
been found. The test device in each case sends a test 
signal to the activated mirror device and evaluates the 
mirrored signal for its freedom from faults. 
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. , 10/U70460 Substitute 

specification 

LOCATING A FAULTY ROUTE SECTION IN AN ACTIVE NAILED-UP 
CONNECTION 

CLAIM FOR PRIORITY 
This application is a national stage of PCT/DE00/03082 
filed 6 September 2000 which claims priority to German 
application 19942690.2 filed 7 September 1999. 

T ECHNICAL FIELD OF THE INVENTION 
The present invention relates to a method and to a 
system for locating a faulty route section in an active 
nailed-up connection. 



BACKGROUND OF THE INVENTION 
15 A nailed-up connection represents a supplementary 
service which can be implemented by features of 
switching nodes of the public network and is offered by 
its operator. Supplementary services of the public 
networks were typically introduced due to the thrust in 
20 innovation associated with digitization and the 
associated expansion of services of the controllers of 
switching nodes and terminals. Supplementary services 
are, therefore, typically available to subscribers on 
digital network nodes. 

25 

Such a supplementary service is, for example, the 
nailed-up connection (NUC) which offers a permanent 
connection between two subscriber lines and between 
subscriber lines and junction lines. 

30 

In contrast to the dial-up connection in which a 
subscriber sets up, and clears down again, a connection 
at any time by inputting dialing information relating 
to different partner subscribers, a nailed-up 
35 connection (NUC) - also called semipermanent leased 
line, fixed line or direct line - is a fixed connection 
between two subscribers which is provided by the 
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operator of a network and can be used by the user for 
transmitting information without restrictions. It is of 
no importance whether this nailed-up connection is 
provided once for a particular period, regularly for a 
5 particular period or permanently until canceled. 

In contrast to the dial-up connection, the characteristic 
of an NUC is that the subscriber has no choice of a 
partner subscriber without administratively requesting 
10 another connection via his network operator. On the other 
hand, the network operator guarantees him a corresponding 
availability of the connection, i.e. in case of a fault, 
he must restore this connection as quickly as possible. 

15 Historically, nailed-up connections were always set up 
in an independent network and the connections were 
originally physically switched and later established 
via so-called cross connects. The advantage of these 
separate networks was, above all, the stability and 

20 simplicity of their operation since connections were 
exclusively set up or cleared down by the network 
operator. In this arrangement, it was always the entire 
(physical) subscriber access which was used for an NUC 
even if the information transmission in the network was 

25 already digital. 

As digitization moved into the subscriber area 
generally introduced with the term Integrated Services 
Digital Network (ISDN) this technique of switching 

30 NUCs was no longer possible as there is already a 
multi-channel digital access in the subscriber area 
(e.g. basic access with 2 channels, primary rate access 
with 30 channels and a variable number of channels with 
the introduction of xDSL technology) . Since, as a 

35 result, it was required to use the access of the 
subscriber in parallel both for NUCs and for dial-up 
connections, NUCs had to jointly use the access of the 
subscriber to the PSTN (Public Switched Telephone 
Network) . Consequently, these digital NUCs were also 



conducted via the digital telecommunication network, 
i.e. the same resources are now used both for dial-up 
connections and for NUCs . The only difference is still 
that dial-up connections are the responsibility of the 
5 subscriber whereas NUCs are the responsibility of the 
network operator. 

The same technique is also used for connecting analog 
subscriber line circuits where an analog/digital 
10 conversion is performed at the network interface; in 
the network, the connection is digital, in principle. 

Such an NUC is implemented in that the network routing 
between the two subscribers involved is established in 

15 a network administration center and the NUC is then set 
up section by section. One route section in each case 
comprises the route between a subscriber and a junction 
line or between two junction lines and relates to the 
area of an exchange. There is no signaling between the 

2 0 exchanges, between exchange and subscriber and also 
between the subscribers in the sense of out -slot 
signaling. Signaling between the subscribers can only 
be transparent (in- slot) by transmitting control 
information within the channel switched through. The 

25 exchange has no access to this information at all. 

Faults on an existing connection can either be detected 
by the network itself because corresponding network 
components provide an error message, or by the 

30 subscriber because his connection transmission is 
faulty or impaired. Faults detected by the network 
generally lead to the clearing down of the connections 
affected by the fault. In the case of an NUC, the 
exchange usually automatically attempts to find a 

35 backup path and to switch the NUC over to this path. 



In the case of dial-up connections, in contrast, it is 
exclusively the task of the user to set up a new 
connection. This automatically provides a backup path 
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or, if faulty resources are used during the setting up 
of the connection, this is usually detected during the 
setting up by appropriate tests and the operator is 
warned. If a fault is detected directly by the 
5 subscriber without there being an automatic alarm given 
in the exchange because it is, e.g. a failure in a part 
of the connection which is not automatically monitored 
or a transmission section with a high error rate 
(e.g. noise, echo, crosstalk, ...), the subscriber will 
10 take the same action in the case of a dial-up 
connection, i.e. set up a new connection with generally 
different routing. 

In the case of an NUC, however, this method cannot be 
15 generally applied since 

(1) only the network operator has access to the 
setting up and clearing down of the connection, 
and 

(2) the test capabilities are very restricted because 
20 of the lack of signaling 

(i.e. the user is not able to eliminate this fault 
per se) . 

If the user of an NUC finds a fault, he can only inform 
25 the network operator of this. The latter, however, also 
has no capability of directly testing the (active) NUC 
connection set up since all test devices existing in 
the public network only test lines which are in the 
"idle" or "faulty" state, i.e. are not occupied by an 
30 established connection. In particular, solidly 
established NUCs cannot be directly tested at present. 
According to the prior art, therefore, the operator 
only has various indirect possibilities for locating 
and eliminating the fault: 
3 5 (1) sending out fault-finding personnel to the two 
terminals of the NUC in order to be able to detect 
the fault and to eliminate any terminal problems, 

(2) modification of the NUC "on speculation", i.e. 
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deliberate switch-over in two adjacent exchanges, 

(3) testing of the resources which are now free to 
ascertain whether a fault can be found there, or 

5 

(4) connecting the two terminals of the NUC to a free 
port in the exchange and connecting a separate 
test device there in order to also locate faults 
in the subscriber area locally. 

10 

This method does not only have the disadvantage that it 
is very time-consuming and costly, the locating and 
elimination of the fault is also very complex since it 
requires synchronization of the test personnel present 
15 on site with the operating personnel present in the 
exchanges involved. In general, this method is 
characterized by the fact that testing is 
decentralized, i.e. takes place by geographically 
separated test personnel and operating personnel. 

20 

The second disadvantage lies in the fact that, using 
this method, the fault can be generally only confined 
to a complete exchange since it always presupposes the 
connection of two test devices which, for example, are 
25 looped in at the main distribution frame of the 
exchange . 

To solve this problem, a method for detecting fault 
locations in a transmission network is shown in 

30 US Patent No. 5,010,544. A multiplicity of 
bidirectional connections are used for transmitting the 
data between two terminals. A checking unit is 
connected to the first end of the first connection and 
monitors the transmission of the control signal in the 

35 first connection LI. A multiplicity of repeaters are 
used for interconnecting the bidirectional connections. 
Each repeater contains a first circuit for transmitting 
the data from the connection Li into the connection 
Li+1 and a second circuit for transmitting the data 
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from the connection Li + 1 into the connection Li. In 
addition, each repeater contains a mirror units which 
responds to a control signal and sends back the data 
transmitted from the connection Li. The mirror units 
5 can also be contained at another location in the 
transmission network so that a single checking unit can 
be used for fault finding in the entire network. The 
checking unit sends control signals predetermined in 
accordance with a particular protocol for activating or 
10 deactivating the mirror devices. 

In US Patent No. 4,564,93 3, a method for checking an 
optical digital transmission unit is described in which 
a test signal consisting of a number of bits is sent by 

15 a terminal. The bit length of the test signal 
determines which repeater is addressed in the 
transmission system and effects a loop-back in this 
repeater. Changing the mixture of bits changes the 
amplitude of the direct voltage generated in the 

2 0 repeater. The amplitude of the direct voltage is 
compared with a reference value . 

SUMMARY OF THE INVENTION 
The present invention provides a technique for locating 
25 a faulty route section in a nailed-up connection which 
can also be carried out when the nailed-up connection 
is active. 

According to one embodiment of the invention, there is 
30 a method for locating a faulty route section of an 
active nailed-up connection is provided. The active 
nailed-up connection includes a number of route 
sections. The nailed-up connection is opened and a test 
device is activated, or looped in in the case of an 
35 external test device, at a splitting point of the 
nailed-up connection. Mirror devices which send back 
incoming signals unchanged are activated step by step 
progressively from a point of the nailed-up connection 
remote from the splitting point in the direction of the 
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splitting point until the faulty route section of the 
nailed-up connection has been found. For this purpose, 
the test device sends a test signal to the mirror 
device activated in each case and evaluates the 
5 mirrored signal for its freedom from faults. 

In one aspect of the invention, the mirror devices can 
be activated in each case in switching networks between 
two route sections. 

10 

In another aspect of the invention, the test device can 
have two user channels. 

In still another aspect of the invention, the test 
15 device can send out a predetermined test bit pattern. 

According to another embodiment of the invention, there 
is a system for locating a faulty route section in an 
active nailed-up connection is also provided, the 

2 0 nailed-up connection being set up with a number of 

route sections. A route section can be an area 
allocated to an exchange. A test device is provided 
which is activated, or looped in in the case of an 
external test device, at a splitting point of the 
25 nailed-up connection. A network controller activates 
mirror devices, which send back incoming signals 
unchanged step by step from a point of the nailed-up 
connection remote from the splitting point in the 
direction of the test device until the faulty route 

3 0 section of the nailed-up connection has been found. The 

test device is programmed for sending out a test signal 
to the mirror device activated in each case and for 
evaluating the mirrored signal for its freedom from 
faults . 

35 

In one aspect of the invention, the mirror devices can 
be activated in each case in (digital) switching 
networks between two route sections (area of an 
exchange) . 
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In one aspect of the invention, the test device may 
have two user channels (for example ISDN Standard) . 

5 In still another aspect of the invention, the exchanges 
allocated to the respective route sections can have in 
each case a remote terminal for activating/deactivating 
the mirror devices of the route sections under control 
of the network controller. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Further features, characteristics and advantages of the 
present invention will be apparent in more detail from 
the subsequent description of an exemplary embodiments 
and referring to the accompanying figures of the 

15 drawings, in which: 

Figure 1 shows a diagrammatic representation of a 
nailed-up connection with a system for fault locating 
according to the invention. 

20 

Figure 2 shows a flowchart of a method for fault 
locating according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
2 5 Referring to figure 1, a nailed-up connection (NUC) 
with a system according to the invention for locating a 
faulty route section 2, 3, 4 of the activated nailed-up 
connection will now be described. The nailed-up 
connection according to figure 1 establishes a 
30 connection between a first subscriber line 7 and a 
second subscriber line 16. In the undisturbed state, a 
signal can thus be transmitted from the side of the 
first subscriber line to the second subscriber line 16 
or conversely. The entire nailed-up connected includes 
35 the subscriber line (TE1, TE2 ) , the network termination 
(NT1, NT2) and a number of route sections connected by 
digital switching networks (as part of the exchanges 
VST1, VST2 , ... VSTn) . 
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The exchange 2 exhibits digital line units (DLU) , one 
of the DLUs being connected to the network termination 
NT1 for the subscriber line TE1 and the other DLU being 
connected to a network termination, for example for 
5 connecting an external test device 5. In the exchange 
1, the nailed-up connection can be opened by a 
crosspoint switch 12 so that the network termination 6 
represents a splitting point of the nailed-up 
connection. The individual route sections of the 
10 nailed-up connection are digitally connected to one 
another by means of switching networks 

(group switch, GS) . 

The invention also deals with the method of locating 
15 existing faults in route sections which are switched as 
NUC, the active NUC remaining established. 

A digital connection switched through includes the 
cascading of the physical route sections 2, 3, 4 which 

20 are digitally coupled to one another by the switching 
networks in the course of the connection. Examples of 
switching networks are a network termination at the 
ISDN access, access modules, peripheral concentrators 
and switching networks in the exchange. This 

25 identically applies to analog subscribers at a digital 
exchange since the subsection between subscriber and 
exchange is operated as analog subsection. 

The switching networks generally provide the capability 
30 of connecting not only two crosspoints but also of 
inserting so-called mirrors 17. These mirrors 17 can be 
inserted and removed by the operator and are used, 
among other things, for testing one or more physical 
route sections before setting up a dial-up connection. 
3 5 The mirror function can be provided as a hardware 
solution or as a software solution. Characteristics of 
these mirrors 17 include, for example: 



• Received digital information is sent back 
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immediately. 

• The mirror is controllable, i.e. insertable and 
removable again by a control command input locally or 
5 remotely. 

The idea is to open the NUC at any point within an 
exchange and to connect the external test device 5 with 
two user channels at the splitting point (e.g. via the 
10 two user channels of an ISDN interface) or to activate 
a test device in an exchange by an appropriate command. 

The exchange in which the NUC is opened can be selected 
arbitrarily in the course of the NUC. 

15 

The NUC now includes two subsections. Firstly, the 
external test device 5 is used for locating which of 
the two subsections the fault is located in. For this 
purpose, a mirror 17 is inserted at a remote point at 

20 the subscriber. This mirror 17 can be located either 
still in the terminal of the subscriber or in the 
public network area as close as possible to the 
interface to the subscriber line circuit (e.g. also in 
the analog/digital converter in the case of an analog 

25 subscriber) . The test device 5 then sends a test 
pattern which is reflected at the mirror 17 and 
received by the test device 5. Assuming 
that there is a fault in the subsection, the test 
pattern is not received or received with faults. 

30 

After that, a mirror 17 can be inserted at the faulty 
subsection step by step backward from the subscriber in 
the network termination NT, in the subscriber line 
module (SLM) and step by step in the switching networks 
3 5 in the local exchange of the subscriber up to the trunk 
interface in the direction of the test device 5 and the 
above procedure of sending out a test signal and of 
receiving the mirrored test signal can be repeated. As 
a result, the fault can be accurately located in the 
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respective route section. This process can be carried 
out over a number of exchanges . 

When a fault has been located, appropriate 
5 reconfiguration and elimination measures can be taken. 
As mentioned, the test can be performed both by means 
of the external test device 5 and internally within an 
exchange by means of special system-oriented test 
equipment . 

10 

These network faults can thus be located completely 
under control of the operator without having to involve 
the user to provide help. The individual exchanges can 
be operated via a remote operating terminal via which 
15 the individual mirrors 17 can be selectively controlled 
in the switching networks . 

At present, resources can be checked on idle lines 
since it is assumed that the user of a faulty line has 

2 0 set up another connection by redialing long ago. 

Resources can, therefore, be tested by selective 
testing of a route section. 

One advantage of the invention lies in the fact that, 
25 by testing on an established (active) nailed-up 
connection between two terminals, i.e. "end to end" 
with a step-by-step test toward the test device, the 
reported fault can be isolated precisely to a route 
section. In particular, this makes it possible to 
30 distinguish between faults in the network and faults in 
the subscriber line circuit. 

An advantage especially lies in the remote-controlled 
opening and interposing of a mirror function within an 

3 5 active NUC to the test unit in order to provide then 

for a step-by-step selective testing of this NUC by 
means of these mirrors. The configuration of the test 
unit, which handles transmitting, receiving and 
evaluating of the test patterns, is of no importance 
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here, i.e. it can be an externally connected test 
device or a test device available internally in the 
exchange which is then controlled via the same 
interface as the mirrors. An essential factor is that 
5 this test device can be looped into the NUC . 

Referring to figure 2, the method for locating a faulty 
route section will now be explained again. 

10 Firstly, the sequence is started in SI. The test device 
is activated in S2 or, respectively, looped in at the 
splitting point in the case of an external test device 
as shown in figure 1. In S3 , mirror devices are then 
activated as closely as possible to the respective 

15 subscriber lines (see reference symbol 17 in figure 1) . 
The test device then sends out a test signal in the 
form of a predetermined test bit pattern and (S4) 
detects in S5 if the two mirrored test signals which it 
receives mirrored back for evaluation are correct. In 

2 0 the case where the two mirrored test signals are 

correct in this state in which the mirror devices 17, 
which are as far apart as possible, are activated, the 
fault is at the subscriber end (S6) and the sequence is 
ended (S14) since it is assumed that there is no fault 
25 in the nailed-up connection itself which can be 
eliminated by the network management center. 

If it is found in S5 that at least one of the mirrored 
signals is faulty or is not mirrored back at all, a 

3 0 conclusion regarding the faulty route section is drawn 

from this mirror response of the test signals in S7 . 

In S8, the next closer mirror is then activated in the 
faulty subsection and, for this purpose, the currently 
35 activated mirror is first deactivated. After that, a 
test signal is sent out again in S9 and the test device 
detects in S10 whether the mirrored test signal is 
correct. Should it be found in S10 that the mirrored 
test signal is now correct, the fault is located in 
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S13 in the route section between the two mirrors last 
activated and the sequence can be ended in S14 . 

Should S10 show that the mirrored test signal has not 
been mirrored back correctly, a test is carried out in 
Sll to determine if the mirror next to the test device 
is already set. If this test is answered with no, the 
sequence goes back to S8 so that the currently 
activated mirror progressively approaches the test 
device step by step. 

If the test in Sll shows that the mirror next to the 
test device has already been activated, the fault has 
been detected in the route section which is located 
15 between the mirror last activated (which is closest 

to the test device) and the test device itself and the 
sequence can be ended in S14 . 



5 
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Description 

LOCA TING A FAULTY ROUTE SECTION IN AN ACTIVE NAILED jjJP^ 
CONj jECTXQN--. 

5 

The present invention relates to a method and to a 
system for locating a faulty route section in an active 
nailed-up connection. 

10 A nailed-up connection represents a supplementary 
service which can be implemented by features of 
switching nodes of the public network and is offered by. 
its operator. Supplementary services of the public 
networks were essentially only introduced due to the 

15 thrust in innovation associated with digitization and 
the associated expansion of services of the controllers 
of switching nodes and terminals. Supplementary 
services are, therefore, essentially only available to 
subscribers on digital network nodes . 

20 

Such a supplementary service is, for example, the 
nailed-up connection (NUC) which offers a permanent 
connection between two subscriber lines and between 
subscriber lines and junction lines. 

25 

In contrast to the dial-up connection in which a 
subscriber sets up, and clears down again, a connection 
at any time by inputting dialing information relating 
to different partner subscribers, a nailed-up 

3 0 connection (NUC) - also called semipermanent leased 
line, fixed line or direct line - is a fixed connection 
between two subscribers which is provided by the 
operator of a network and can be used by the user for 
transmitting information without restrictions. It is of 

35 no importance whether this nailed-up connection is 
provided once for a particular period, regularly for a 
particular 
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period or permanently until canceled. 

In contrast to the dial-up connection, the characteristic 
of an NUC is that the subscriber has no choice of a 
5 partner subscriber without administratively requesting 
another connection via his network operator. On the other 
hand, the network operator guarantees him a corresponding 
availability of the connection, i.e. in case of a fault, 
he must restore this connection as quickly as possible. 

10 

Historically, nailed-up connections were always set up 
in an independent network and the connections were 
originally physically switched and later established 
via so-called cross connects. The advantage of these 

15 separate networks was, above all, the stability and 
simplicity of their operation since connections were 
exclusively set up or cleared down by the network 
operator. In this arrangement, it was always the entire 
(physical) subscriber access which was used for an NUC 

20 even if the information transmission in the network was 
already digital. 

As digitization moved into the subscriber area - 
generally introduced with the term Integrated Services 

25 Digital Network (ISDN) -, however, this technique of 
switching NUCs was no longer possible as there is 
already a multi-channel digital access in the 
subscriber area (e.g. basic access with 2 channels, 
primary rate access with 30 channels and a variable 

3 0 number of channels with the introduction of xDSL 
technology). Since, ' as a result, it was required to use 
the access of the subscriber in parallel both for NUCs 
and for dial-up connections, NUCs had to jointly use 
the access of the subscriber to the PSTN (Public 

3 5 Switched Telephone Network) . In consequence, these 
digital NUCs were also conducted via the digital 
telecommunication network, i.e. the same resources 
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are now used both for dial-up connections and for NUCs. 
The only difference is still that dial-up connections 
are the responsibility of the subscriber whereas NUCs 
are the responsibility of the network operator. 

5 

The same technique is also used for connecting analog 
subscriber line circuits where an analog/digital 
conversion is performed at the network interface; in 
the network, the connection is digital, in principle. 

10 

Such an NUC is implemented in that the network routing 
between the two subscribers involved is established in 
a network administration center and the NUC is then set 
up section by section. One route section in each case 

15 comprises the route between a subscriber and a junction 
line or between two junction lines and relates to the 
area of an exchange. There is no signaling between the 
exchanges, between exchange and subscriber and also 
between the subscribers in the sense of out- slot 

20 signaling. Signaling between the subscribers can only 
be transparent (in-slot) by transmitting control 
information within the channel switched through; the 
exchange has no access to this information at all. 

25 Faults on an existing connection can either be detected 
by the network itself because corresponding network 
components provide an error message, or by the 
subscriber because his connection transmission is 
faulty or impaired. Faults detected by the network 

30 generally lead to the clearing down of the connections 
affected by the fault. In the case of an NUC, the 
exchange usually automatically attempts to find a 
backup path and to switch the NUC over to this path. 
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In the case of dial-up connections, in contrast, it is 
exclusively the task of the user to set up a new 
connection. This automatically provides a backup path 
or, if faulty resources are used during the setting up 
5 of the connection, this is usually detected during the 
setting up by appropriate tests and the operator is 
warned. If a fault is detected directly by the 
subscriber without there being an automatic alarm given 
in the exchange because it is, e.g. a failure in a part 

10 of the connection which is not automatically monitored 
or a transmission section with a high error rate 
(e.g. noise, echo, crosstalk, ...), the subscriber will 
take the same action in the case of a dial-up 
connection, i.e. set up a new connection with generally 

15 different routing. 

In the case of an NUC, however, this method cannot be 
generally applied since 

(1) only the network operator has access to the 
2 0 setting up and clearing down of the connection 

(2) the test capabilities are very restricted because 
of the lack of signaling 

i.e. the user is not able to eliminate this fault 
per se. 

25 

If the user of an NUC finds a fault, he can only inform 
the network operator of this. The latter, however, also 
has no capability of directly testing the (active) NUC 
connection set up since all test devices existing in 

30 the public network only test lines which are in the 
"idle" or "faulty" state, i.e. are not occupied by an 
established connection. In particular, solidly 
established NUCs cannot be directly tested at present. 
According to the prior art, therefore, the operator 

35 only has various indirect possibilities for locating 
and eliminating the fault: 



AMENDED SHEET 



:r.o is i: 7 i) n>t* i h .., .i c* ,1 .4: rii g 



199902758 - 5 - duuuujuoz 

13-11-2001 

(1) sending out fault-finding personnel to the two 
terminals of the NUC in order to be able to detect 
the fault and to eliminate any terminal problems, 

(2) modification of the NUC "on speculation", i.e. 
deliberate switch-over in two adjacent exchanges, 

(3) testing of the resources which are now free to 
ascertain whether a fault can be found there, or 

(4) connecting the two terminals of the NUC to a free 
port in the exchange and connecting a separate 
test device there in order to also locate faults 
in the subscriber area locally. 

This method does not only have the disadvantage that it 
is very time-consuming and costly, the locating and 
elimination of the fault is also very complex since it 
requires synchronization of the test personnel present 
on site with the operating personnel present in the 
exchanges involved. In general, this method is 
characterized by the fact that testing is 
decentralized, i.e. takes place by geographically 
separated test personnel and operating personnel. 

The second disadvantage lies in the fact that, using 
this method, the fault can be generally only confined 
to a complete exchange since it always presupposes the 
connection of two test devices which, for example, are 
looped in at the main distribution frame of the 
exchange . 

To solve this problem, a method for detecting fault 
locations in a transmission network is shown in 
US 5,010,544. A multiplicity of bidirectional 
connections are used for transmitting the data between 
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two terminals. A checking unit is connected to the 
first end of the first connection and monitors the 
transmission of the control signal in the first 
connection Ll . A multiplicity of repeaters are used for 
5 interconnecting the bidirectional connections. Each 
repeater contains a first circuit for transmitting the 
data from the connection Li into the connection Li + 1 
and a second circuit for transmitting the data from the 
connection Li+1 into the connection Li. In addition, 

10 each repeater contains a mirror units which responds to 
a control signal and sends back the data transmitted 
from the connection Li. The mirror units can also be 
contained at another location in the transmission 
network so that a single checking unit can be used for 

15 fault finding in the entire network. The checking unit 
sends control signals predetermined in accordance with 
a particular protocol for activating or deactivating 
the mirror devices . 

20 In US 4,564,933, a method for checking an optical 
digital transmission unit is described in which a test 
signal consisting of a number of bits is sent by a 
terminal . The bit length of the test signal determines 
which repeater is addressed in the transmission system 

2 5 and effects a loop-back in this repeater. Changing the 

mixture' of bits changes the amplitude of the direct 
voltage generated in the repeater. The amplitude of the 
direct voltage is compared with a reference value. 

3 0 On the basis of the prior art shown, it is the object 

of the present invention to provide a technique for 
locating a faulty route section in a nailed-up 

connection which can also be carried out when the 
nailed-up connection is active. 

35 

According to the invention, this object is achieved by 

the features of the independent claims. The dependent 
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claims develop the central concept of the present 
invention in a particularly advantageous manner. 

According to the invention, therefore, a method for 
5 locating a faulty route section of an active nailed-up 
connection is provided. The active nailed-up connection 
consists of a number of route sections. The nailed-up 
connection is opened and a test device is activated, or 
looped in in the case of an external test device, at a 

10 splitting point of the nailed-up connection. Mirror 
devices which send back incoming signals unchanged are 
activated step by step progressively from a point of 
the nailed-up connection remote from the splitting 
point in the direction of the splitting point until the 

15 faulty route section of the nailed-up connection has 
been found. For this purpose, the test device sends a 
test signal to the mirror device activated in each case 
and evaluates the mirrored signal for its freedom from 
faults . 

20 

The mirror devices can be activated in each case in 
switching networks between two route sections. 

The test device can have two user channels. 

25 

The test device can send out a predetermined test bit 
pattern. 

According to the invention, a system for locating a 
30 faulty route section in an active nailed-up connection 
is also provided, the nailed-up connection being set up 
with a number of route sections. A route section can be 
an area allocated to an exchange. A test device is 
provided which is activated, or looped in in the case 
35 of an external test device, at a splitting point of the 
nailed-up connection. A network controller activates 
mirror devices, which send back incoming signals 
unchanged step by step from a point of the nailed-up 
connection remote from the splitting point in the 
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direction of the test device until the faulty route 
section of the nailed-up connection has been found. The 
test device is programmed for sending out a test signal 
to the mirror device activated in each case and for 
5 evaluating the mirrored signal for its freedom from 
faults . 

The mirror devices can be activated in each case in 
(digital) switching networks between two route sections 
10 (area of an exchange) . 

The test device may have two user channels (for example 
ISDN Standard) . 

15 The exchanges allocated to the respective route 
sections can have in each case a remote terminal for 
activating/deactivating the mirror devices of the route 
sections under control of the network controller. 

20 Further features, characteristics and advantages of the 
present invention will be apparent in more detail from 
the subsequent description of an exemplary embodiment 
and referring to the accompanying figures of the 
drawings, in which: 

25 

Figure 1 shows a diagrammatic representation of a 
nailed-up connection with a system for fault locating 
according to the invention, and 

30 Figure 2 shows a flowchart of a method for fault 
locating according to the present invention. 

Referring to figure 1, a nailed-up connection (NUC) 
with a system according to the invention for locating a 
35 faulty route section 2, 3, 4 of the activated nailed-up 
connection will now be described. The nailed-up 
connection according to figure 1 establishes a 
connection between a first subscriber line 7 and a 
second subscriber line 16. In the undisturbed state, a 
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signal can thus be transmitted from the side of the 
first subscriber line to the second subscriber line 16 
or conversely. The entire nailed-up connected consists 
of the subscriber line (TEl , TE2 ) , the network 
termination (NTl, NT2 ) and a number of route sections 
connected by digital switching networks (as part of the 
exchanges VST1, VST2 , ... VSTn) . 

The exchange 2 exhibits digital line units (DLU) , one 
of the DLUs being connected to the network termination 
NTl for the subscriber line TEl and the other DLU being 
connected to a network termination, for example for 
connecting an external test device 5. In the exchange 
1, the nailed-up connection can be opened by a 
crosspoint switch 12 so that the network termination 6 
represents a splitting point of the nailed-up 
connection. The individual route sections of the 
nailed-up connection are digitally connected to one 
another by means of switching networks 

(group switch, GS) . 

The invention deals with the method of locating 
existing faults in route sections which are switched as 
NUC, the active NUC remaining established. 

A digital connection switched through consists of the 
cascading of the physical route sections 2, 3, 4 which 
are digitally coupled to one another by the switching 
networks in the course of the connection. Examples of 
switching networks are a network termination at the 
ISDN access, access modules, peripheral concentrators 
and switching networks in the exchange. This 
identically applies to analog subscribers at a digital 
exchange since in this case only the subsection between 
subscriber and exchange is operated as analog 
subsection. 
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The switching networks generally provide the capability 
of connecting not only two crosspoints but also of 
inserting so-called mirrors 17. These mirrors 17 can be 
inserted and removed by the operator and are used, 
among other things, for testing one or more physical 
route sections before setting up a dial-up connection. 
It is of no importance whether this mirror function is 
provided as hardware solution or as software solution. 
Essential characteristics of these mirrors 17 are: 

• Received digital information must be sent back 
immediately. ^ 

• The mirror must be controllable, i.e. insertable and 
removable again by a control command input locally or 
remotely . 

The idea is to open the NUC at any point within an 
exchange and to connect the external test device 5 with 
two user channels at the splitting point (e.g. via the 
two user channels of an ISDN interface) or to activate 
a test device in an exchange by an appropriate command. 

The exchange in which the NUC is opened can be selected 
arbitrarily in the course of the NUC. 

The NUC now consists of two subsections. Firstly, the 
external test device 5 is used for locating which of 
the two subsections the fault is located in; for this 
purpose, a mirror 17 must be inserted in each case at 
the most remote point at the subscriber. This mirror 17 
can be located either still in the terminal of the 
subscriber or in the public network area as close as 
possible to the interface to the subscriber line 
circuit (e.g. also in the analog/digital converter in 
the case of an analog subscriber) . The test device 5 
then sends a test pattern which is reflected at the 
mirror 17 and received by the test device 5. Assuming 
AMENDED SHEET 
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that there is a fault in the subsection, the test 
pattern is not received or received with faults. 

After that, a mirror 17 can be inserted at the faulty 
subsection step by step backward from the subscriber in 
the network termination NT, in the subscriber line 
module (SLM) and step by step in all switching networks 
in the local exchange of the subscriber up to the trunk 
interface in the direction of the test device 5 and the 
above procedure of sending out a test signal and of 
receiving the mirrored test signal can be repeated. As 
a result, the fault can be accurately located in the 
respective route section. This process can be carried 
out over a number of exchanges. 

When a fault has been located, appropriate 
reconfiguration and elimination measures can be taken. 
As mentioned, the test can be performed both by means 
of the external test device 5 and internally within an 
exchange by means of special system-oriented test 
equipment . 

These network faults can thus be located completely 
under control of the operator without having to involve 
the user to provide help. It is only necessary to 
ensure that the individual exchanges can be operated 
via a remote operating terminal via which the 
individual mirrors 17 can be selectively controlled in 
the switching networks. 

At present, resources can only be checked on idle lines 
since it is assumed that the user of a faulty line has 
set up another connection by redialing long ago. 
Resources can, therefore, only be tested by selective 
testing of a route section. 

The advantage of the invention lies in the fact that, 
by testing on an established (active) nailed-up 
AMENDED SHEET 
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connection between two terminals, i.e. "end to end" 
with a step-by-step test toward the test device, the 
reported fault can be isolated precisely to a route 
section. In particular, this makes it possible to 
5 distinguish between faults in the network and faults in 
the subscriber line circuit. 

The advantage especially lies in the remote-controlled 
opening and interposing of a mirror function within an 
active NUC to the test unit in order to provide then 
for a step-by-step selective testing of this NUC by 
means of these mirrors. The configuration of the test 
unit, which handles transmitting, receiving and 
evaluating of the test patterns, is of no importance 
here, i.e. it can be an externally connected test 
device or a test device available internally in the 
exchange which is then controlled via the same 
interface as the mirrors. The essential factor is only 
that this test device can be looped into the NUC. 

Referring to figure 2, the method for locating a faulty 
route section will now be explained again. 

Firstly, the sequence is started in step SI. The test 
25 device is activated in a step S2 or, respectively, 
looped in at the splitting point in the case of an 
external test device as shown in figure 1. In a step 
S3, mirror devices are then activated as closely as 
possible to the respective subscriber lines (see 
30 reference symbol 17 in figure 1) . The test device then 
sends out a test signal in the form of a predetermined 
test bit pattern and (step S4) detects in a step S5 if 
the two mirrored test signals which it receives 
mirrored back for evaluation are correct. In the case 
35 where the two mirrored test signals are correct in this 
state in which the mirror devices 17 , which are as far 
apart as possible, are activated, the fault must be at 
the subscriber end (step S6) and the sequence is ended 
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15 



- 13 - 

(S14) since it is assumed that there is no fault in the 
nailed-up connection itself which can be eliminated by 
the network management center. 

5 If it is found in step S5 that at least one of the 
mirrored signals is faulty or is not mirrored back at 
all, a conclusion regarding the faulty route section is 
drawn from this mirror response of the test signals in 
a step S7 . 

10 

In a step S8, the next closer mirror is then activated 
in the faulty subsection and, for this purpose, the 
currently activated mirror is first deactivated. After 
that, a test signal is sent out again in a step S9 and 

15 the test device detects in a step S10 whether the 
mirrored test signal is correct. Should it be found in 
this step S10 that the mirrored test signal is now 
correct, the fault is located in a step S13 in the 
route section between the two mirrors last activated 

20 and the sequence can be ended in step S14. 

Should step S10 show that the mirrored test signal has 
not been mirrored back correctly, a test is carried out 
in a step Sll to determine if the mirror next to the 
25 test device is already set. If this test is answered 
with no, the sequence goes back to step S8 so that the 
currently activated mirror progressively approaches the 
test device step by step. 

3 0 If the test in step Sll shows that the mirror next to 
the test device has already been activated, the fault 
has been detected in the route section which is located 
between the mirror last activated (which is closest 
to the test device) and the test device itself and the 

35 sequence can be ended in step S14. 
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Patent Claims 

1. A method for locating a faulty route section in a 
nailed-up connection which is set up with a number of 
route sections (2, 3, 4), which are connected to one 
another by a number of exchanges, exhibiting the 
following steps: 

a) activating or looping in a test device (5) at a 
splitting point (6) which is formed by opening the 
nailed-up connection with the aid of a coupling switch 
inside one of the exchanges, and 

b) remotely controlled progressive activation of 
mirror devices (17), which send back incoming signals 
unchanged, step-by-step from a point of the nailed-up 
connection remote from the splitting point (6) in the 
direction of the splitting point (6) until the faulty 
route section (2, 3, 4) of the nailed-up connection has 
been found, the test device (5) sending a test signal 
to the mirror device (17) activated in each case and 
evaluating the mirrored signal for its freedom from 
faults . 

2. The method as claimed in claim 1, characterized in 
that the mirror devices (17) are in each case activated 
in switching networks between two route sections 
(2, 3, 4) . 

3. The method as claimed in one of claims 1 or 2 , 
characterized in that the test device (5) has two user 
channels . 

4. The method as claimed in one of the preceding 
claims, characterized in that the test device (5) sends 
out a predetermined test bit pattern. 
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5. A system for locating a faulty route section in a 
nailed-up connection which is set up with a number of 
route sections (2, 3, 4), which are connected to one 
another by a number of exchanges, exhibiting: 

a) a test device (5) which is activated or looped in 
at a splitting point (6) which can be formed by opening 
the nailed-up connection with the aid of a coupling 
switch inside one of the exchanges, and 

b) a network controller (1) for the remotely 
controlled activation of mirror devices (17), which 
send back incoming signals unchanged, step by step from 
a point of the nailed-up connection remote from the 
splitting point (6) in the direction of the test device 
(5) until the faulty route section (2, 3, 4) of the 
nailed-up connection has been found, the test device 
(5) sending a test signal to the mirror device 
activated in each case and evaluating the mirrored 
signal for its freedom from faults. 

6. The system as claimed in claim 5, characterized in 
that the mirror devices (17) can be activated in each 
case in switching networks between two route sections. 

7. The system as claimed in one of claims 5 or 6, 
characterized in that the test device (5) has two user 
channels . 

8. The system as claimed in one of the preceding 
claims, characterized in that the exchanges allocated 
to the respective route sections (2, 3, 4) in each case 
have a remote terminal for activating/deactivating the 
mirror devices (17) of the route sections (2, 3, 4). 
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